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OPTICAL WIRELESS 
COMMUNICATION DEVICE, 
LASER LIGHT AD JUSTMENT 
METHOD, OPTICAL WIRELESS 
COMMUNICATION SYSTEM, 
MANAGEMENT APPARATUS AND 
A COMPUTER-READABLE 

MEDIUM STORING A 
MANAGEMENT PROGRAM 

Cross Reference to Related Applications 

This patent application claims priority from Japanese patent applications, 2001 - 
260349 and 2001 -260372 both filed on August 29, 2001 , the contents of which are 
incorporated herein by reference. 

Background of Invention 
Field of the Invention 

[0001] 

The present invention relates to an optical wireless communication device and a 
laser light adjustment method. More particularly, the present invention relates to an 
optical wireless communication device that measures a distance to an object which is 
to be irradiated with laser light and adjusts divergence and/or output power of the 
laser light based on the measured distance. Further, the present invention also relates 
to an optical wireless communication device, an optical wireless communication 
system, a management apparatus and a computer-readable medium storing a 
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management program, which allow a user to easily check a communication status of 
the optical wireless communication device. 



Description of the Related Art 

[0002] An optical wireless communication device adopting a point-to-point 

communication technique generally uses a laser diode as a light-emitting device 
serving as a light source. Laser light emitted by the laser diode has sharp divergence 
and high output power and therefore damping depending on the distance is small, 
thus enabling long-range optical wireless communication. 

[0003] In a conventional optical wireless communication device, the divergence and 
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output power of the laser light to be emitted are fixed or set in advance, for example, 
by the manufacturer of the device before shipping, and can not easily be adjusted if a 
need should arise. Also, a transmission range, i.e. a distance between two optical 
communication devices which enables these devices to communicate normally, is 
VI determined in accordance with a specification of the optical wireless communication 

device. In a case of optical wireless communication between two optical wireless 
communication devices that are separated from each other by a greater distance than 
the transmission range determined in accordance with the specification, a beam area 
of the laser light received becomes wider while the output power thereof becomes 
lower. Thus, in a case of optical wireless communication over a longer distance than 
the determined transmission range, communication error ratio may increase between 
the two optical wireless communication devices. In a conventional optical wireless 
communication device, such an error ratio is not easily rectified, for example, by 
adjusting the divergence and/or output power of the emitted laser light. 

[0004] Moreover, in a case of optical communication between two wireless 

communication devices that are separated from each other by a shorter distance than 
the transmission range in accordance with the specification, the beam area of the 
received laser light becomes narrower while the output power thereof becomes 
higher. Thus, when the distance between the two optical wireless communication 
devices is much shorter than the determined transmission range, life of a light- 
receiving device that receives the laser light is reduced. 
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[0005] In addition, in some conventional optical wireless communication devices, optical 
wireless communication can be enabled by collimating an optical axis of laser light by 
means of a collimator. However, a price of such a conventional optical wireless 
communication device is increased if the collimator is incorporated therein, and the 
size of the optical wireless communication device is also increased. Furthermore, if 
the optical axis of the laser light is not accurately coincident with the aim of the 
collimator, the optical axis of the laser light cannot be accurately collimated. 

Summary of Invention 

[0006] Therefore, it is an object of the present invention to provide an optical wireless 
communication device, a laser light adjustment method, an optical wireless 
communication system, a management apparatus and a computer-readable medium 
storing a management program, which are capable of overcoming the above 
drawbacks accompanying the conventional art. The above and other objects can be 
achieved by combinations described in the independent claims. The dependent claims 
define further advantageous and exemplary combinations of the present invention. 

[0007] According to the first aspect of the present invention, an optical wireless 

communication device for performing communication by laser light, comprises: a 
primary light-emitting unit operable to emit a first laser light; and a processing unit 
operable to adjust divergence of the first laser light based upon a predetermined 
condition of the optical wireless communication device to optimize the 
communication performed by the first laser light. 

[0008] The optical wireless communication device may further comprise a measurement 
unit operable to measure a distance of separation of the optical wireless 
communication device from an object which is irradiated with the first laser light, 
wherein the processing unit adjusts the divergence of the first laser light based on the 
measured distance as the predetermined condition of the optical wireless 
communication device. 



[0009] 



The optical wireless communication device may further comprise a secondary 
light-emitting unit operable to emit a second laser light having an optical axis 
approximately parallel to an optical axis of the first laser light, wherein the 
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measurement unit measures the distance by irradiating the object with the second 
laser light. 

[0010] The optical wireless communication device may further comprise a detecting unit 
operable to detect an irradiated position of the object, which is irradiated with the 
second laser light, from a position that is different from a corresponding position of 
the secondary light-emitting unit, wherein the measurement unit measures the 
distance based on the irradiated position of the object detected by the detecting unit. 

[001 1] The optical wireless communication device may further comprise a light-receiving 
unit operable to receive the second laser light after reflection from the object, wherein 
the measurement unit measures the distance based on a light-emission time at which 
the secondary light-emitting unit emitted the second laser light and a light-received 
time at which the light-receiving unit received the second laser light. 

[001 2] The optical wireless communication device may further comprise a light-emission 
control unit operable to prohibit light emission by the primary light-emitting unit in a 
case where the secondary light-emitting unit emits the second laser light. 

[001 3] The second laser light emitted by the secondary light-emitting unit may have a 
higher output power than an output power of the first laser light emitted by the 
primary light-emitting unit. 

[0014] The primary light-emitting unit may have a switching rate higher than a switching 
rate of the secondary light-emitting unit. 

[001 5] The primary light-emitting unit may have a higher operational durability than the 
secondary light-emitting unit. 

[001 6] The optical wireless communication device may further comprise a measurement 
unit operable to measure a distance of separation of the optical wireless 
communication device from an object which is irradiated with the first laser light, 
wherein the processing unit adjusts the divergence of the first laser light based on 
previously stored divergence data that corresponds to the measured distance as the 
predetermined condition of the optical wireless communication device. 

[001 7] 7he optical wireless communication device may further comprise a measurement 
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unit operable to measure a distance of separation of the optical wireless 
communication device from an object which is irradiated with the first laser light, and 
a memory unit operable to store at least the distance of separation as the 
predetermined condition of the optical wireless communication device and at least 
divergence data to correspond with the distance of separation, wherein the processing 
unit adjusts the divergence of the first laser light based on previously stored 
divergence data. 

[001 8] The optical wireless communication device may further comprise a memory unit 
operable to store at least a distance of separation of the optical wireless 
communication device from an object which is irradiated with the first laser light as 
the predetermined condition of the optical wireless communication device and at least 
divergence data to correspond with the distance of separation, wherein the processing 
unit adjusts the divergence of the first laser light based on previously stored 
divergence data to adjust a transmission range of said first laser light. 



[001 9] The predetermined condition of the optical wireless communication device may be 
1^^ a distance of separation of the optical wireless communication device from a receiving 

;V device which is irradiated with the first laser light, and the optical wireless 

m communication device may further comprise divergence data corresponding to the 

distance of separation, the divergence data optimizing communication performed by 
the first laser light with the receiving device when the optical wireless communication 
device is separated from the receiving device by the distance of separation, wherein 
the processing unit may adjust the divergence of the first laser light based on 
previously stored divergence data to adjust a transmission range of said first laser 
light. 

[0020] According to the second aspect of the present invention, an optical wireless 

communication device for performing communication by using laser light, comprises: 
a light-emitting unit operable to emit laser light; a measurement unit operable to 
measure a distance to an object which is to be irradiated with the laser light; and a 
processing unit operable to adjust an output power of the laser light based on the 
measured distance. 

[0021] According to the third aspect of the present invention, a method of adjusting laser 
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light, for use in an optical wireless communication device that performs 
communication by using the laser light, the laser light adjustment method comprises: 
emitting the laser light; and adjusting divergence of the laser light based upon a 
predetermined condition of the optical wireless communication device. 

[0022] The laser light adjustment method may further comprise measuring a distance to 
an object which is to be irradiated with the laser light, wherein the divergence of the 
laser light may be adjusted based on the measured distance as the predetermined 
condition of the optical wireless communication device. 

[0023] According to the fourth aspect of the present invention, a method of adjusting 

laser light, for use in an optical wireless communication that performs communication 
by using the laser light, the laser light adjustment method comprises: emitting the 
laser light; measuring a distance to an object which is to be irradiated with the laser 
light; and adjusting an output power of the laser light based on the measured 
distance. 

[0024] According to the fifth aspect of the present invention, an optical wireless 

communication device for performing communication by using light, comprises: a 
light-receiving unit operable to receive the light; and an information unit operable to 
issue a notification indicative of a quality of the light received by the light-receiving 
unit. 

[0025] The light may be laser light. In this case, the light-receiving unit receives the laser 
light, and the information unit issues the notification indicative of a quality of the 
laser light received by the light-receiving unit. Alternatively, the light may be infrared 
light. In this case, the light-receiving unit receives the infrared light, and the 
information unit issues the notification indicative of a quality of the infrared light 
received by the light-receiving unit. 

[0026] The quality of the light may be an averaged input power of the light in a 
predetermined time period. 

[0027] Ti^g information unit may include an indicator operable to emit light as the 

notification indicative of a quality of the light, and a light-emission control unit may 
be further provided to control the emission by the indicator based on the quality of 



APP ID-09683305 



Page 6 



the light received by the light-receiving unit. 

[0028] The light-emission control unit may control an on-off period during which the 
emission of light by the indicator goes on and off based on the quality of the light 
received by the light-receiving unit. 

[0029] The light-emission control unit may control an output power of the light emitted 
by the indicator based on the quality of the light received by the light-receiving unit. 

[0030] The indicator may include a plurality of light-emitting elements, and the light- 
emission control unit may control which one or more of the plurality of light-emitting 
elements emits light based on the quality of the light received by the light-receiving 
unit. 

[0031] According to the sixth aspect of the present invention, an optical wireless 

communication device for performing optical communication, comprises: a light- 
receiving unit operable to receive light and to convert the received light into an 
electric signal; an output unit operable to output the converted electric signal as an 
outputted signal; an input unit operable to receive another electric signal as an 
inputted signal; a selector operable to select one of the another electric signal 
received by the input unit and the converted electric signal, and to output the selected 
electric signal; and a light-emitting unit operable to convert the selected electric 
signal into light and to output the converted light. 

[0032] 

According to the seventh aspect of the present invention, an optical wireless 
communication system comprising a first optical wireless communication device and a 
second optical wireless communication device that perform optical communication 
and a management apparatus that manages the optical communication between the 
first and second optical wireless communication devices, wherein the first optical 
wireless communication device comprises: a first light-receiving unit operable to 
receive light sent from the second optical wireless communication device and to 
convert the received light into an electric signal; a first output unit operable to output 
the converted electric signal to the management apparatus; a first input unit operable 
to receive an electric signal from the management apparatus; and a first light- 
emitting unit operable to convert the received electric signal into light and to send the 
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converted light to the second optical wireless communication device, and wherein the 
second optical wireless communication device comprises: a second light-receiving 
unit operable to receive the light sent from the first optical wireless communication 
device and to convert the light into an electric signal; and a second light-emitting unit 
operable to convert the electric signal of the second light-receiving unit into light and 
to send the light converted by the second light-emitting unit to the first optical 
wireless communication device. 

[0033] The management apparatus may include: an electric signal generate unit operable 
to generate an electric signal to be output to the first optical wireless communication 
device; a transmit unit operable to transmit the electric signal generated by the 
electric signal generate unit to the first optical wireless communication device; a 
receive unit operable to receive the converted electric signal output from the first 
optical wireless communication device; and a compare unit operable to compare the 
electric signal transmitted from the transmit unit with the converted electric signal 
received by the receive unit. 

[0034] The management apparatus may further include a diagnostic unit operable to 
determine whether or not the optical communication between the first and second 
optical wireless communication devices is performed normally, based on a result of 
the comparison by the compare unit. 

[0035] The diagnostic unit may determine that the optical communication between the 
first and second optical wireless communication devices is not performed normally 
when the electric signal transmitted from the transmit unit is different from the 
converted electric signal received by the receive unit, and the management apparatus 
may further include a processing unit operable to adjust divergence of light sent from 
the first light-emitting unit of the first optical wireless communication device when 
the diagnostic unit determines that the optical communication between the first and 
second optical wireless communication devices is not performed normally. 

[0036] ji^g diagnostic unit may determine that the optical communication between the 
first and second optical wireless communication devices is not performed normally 
when the electric signal transmitted from the transmit unit is different from the 
converted electric signal received by the receive unit, and the management apparatus 
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may further include a processing unit operable to adjust an output power of light sent 
from the first light-emitting unit of the first optical wireless communication device 
when the diagnostic unit determines that the optical communication between the first 
and second optical wireless communication devices Is not performed normally. 

[0037] The second optical wireless communication device may further include: a second 
input unit operable to receive an inputted electric signal; and a selector operable to 
select one of the inputted electric signal received by the second input unit and the 
electric signal converted by the second light-receiving unit, and to supply the selected 
electric signal, and wherein the second light-emitting unit converts the selected 
electric signal supplied from the selector into light and sends the converted light thus 
obtained to the first optical wireless communication device. 

The second optical wireless communication device may further include a mode 
select unit operable to select one of operation modes of the second optical wireless 
communication device, the operation modes including a communication mode, In 
which the optical communication is performed between the first and second optical 
wireless communication devices, and a test mode, in which a test for the optical 
communication is performed, and the selector selects the electric signal converted by 
the second light-receiving unit when the test mode is set in the second optical 
wireless communication device by the mode select unit, 

[0039] 

According to the eighth aspect of the present invention, a management apparatus 
for managing optical communication between a first optical wireless communication 
device and a second optical wireless communication device, comprises: an electric 
signal generate unit operable to generate a first electric signal; a transmit unit 
operable to transmit the first electric signal generated by the electric signal generate 
unit to the first optical wireless communication device; a receive unit operable to 
receive, from the first optical wireless communication device, a second electric signal 
generated by converting the first electric signal generated by the electric signal 
generate unit into light in the first optical wireless communication device, sending the 
light converted in the first optical wireless communication device to the second optical 
wireless communication device, in the second optical wireless communication device, 
converting the light received from the first optical wireless communication device into 
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a third electric signal and then converting the third electric signal into light in the 
second optical wireless connnnunication device, sending the light converted in the 
second optical wireless communication device to the first optical wireless 
communication device, and, in the first optical wireless communication device, 
converting the light sent from the second optical wireless communication device to 
the first optical wireless communication device into the second electric signal; a 
compare unit operable to compare the first electric signal transmitted from the 
transmit unit with the second electric signal received by the receive unit; and a 
diagnostic unit operable to determine whether or not the optical communication is 
performed normally, based on a result of the comparison by the compare unit. 

P. [0040] 

^ According to the ninth aspect of the present invention, a computer-readable 

IP medium storing a management program for a management apparatus that manages 

|7i optical communication between a first optical wireless communication device and a 

W second optical wireless communication device, the management program comprises: 

|jf| an electric signal generate module operable to make the management apparatus 

: . generate a first electric signal; a transmit module operable to make the management 

IV apparatus transmit the first electric signal generated by the management apparatus to 

the first optical wireless communication device; a receive module operable to make 
the management apparatus receive, from the first optical wireless communication 
device, a second electric signal generated by converting the first electric signal 
generated by the management apparatus into light in the first optical wireless 
communication device, sending the light converted in the first optical wireless 
communication device to the second optical wireless communication device, in the 
second optical wireless communication device, converting the light received from the 
first optical wireless communication device Into a third electric signal and converting 
the third electric signal into light in the second optical wireless communication device, 
sending the light converted in the second optical wireless communication device to 
the first optical wireless communication device, and converting the light sent from the 
second optical wireless communication device to the first optical wireless 
communication device into the second electric signal; a compare module operable to 
make the management apparatus compare the first electric signal generated by the 
management apparatus with the second electric signal received by the management 



APP ID-09683305 



Page 10 of 51 



apparatus; and a diagnostic module operable to make the management apparatus 
determine whether or not the optical communication is performed normally, based on 
a result of the comparison by the management apparatus. 

[0041] The summary of the invention does not necessarily describe all necessary features 
of the present invention. The present invention may also be a sub-combination of the 
features described above. The above and other features and advantages of the present 
invention will become more apparent from the following description of the 
embodiments taken in conjunction with the accompanying drawings. 

Brief Description of Drawings 

[0042] Fig. 1 shows a configuration of a computer network 1 00 according a first 
embodiment of the present invention. 

[0043] Fig, 2 shows a structure of an optical wireless communication device 10a 
according to the first embodiment of the present invention. 

[0044] Fig. 3 shows a data format stored in a memory unit 1 04 of the optical wireless 
communication device shown in Fig. 2. 

[0045] Figs. 4A and 4B illustrate exemplary distance-measuring methods performed by a 
measurement unit 112 of the optical wireless communication device 10a shown in Fig. 
2 according to the first embodiment of the present invention. 

[0046] Fig. 5 shows a configuration of a computer network 300 according a second 
embodiment of the present invention, 

[0047] Fig, 6 shows structures of optical wireless communication devices 21 Oa and 21 Ob 
according to the second embodiment of the present invention. 

[0048] Fig. 7 shows a structure of a management apparatus 220a according to the 
second embodiment of the present invention. 

[0049] Fig. 8 shows a sequence of communication among the optical wireless 

communication devices 210a and 210b and the management apparatus 220a. 

[0050] Fig. 9 shows a hardware configuration of the management apparatus 220a, 
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Detailed Description 

[0051] The invention will now be described based on the preferred embodiments, which 
do not intend to limit the scope of the present invention, but exemplify the invention. 
All of the features and the combinations thereof described in the embodiment are not 
necessarily essential to the invention. 

[0052] (Embodiment l)Fig. 1 shows a configuration of a computer network TOO of the 

first embodiment of the present invention. The computer network 100 is a LAN (Local 
Area Network), for example, and includes a server computer 20 that provides various 
types of service in the computer network 100, client computers (PCs) 30a, 30b, 30c 
and 30d that use the service provided by the server computer 20 and perform 
communication in the computer network 100, and optical wireless communication 
devices 10a and 10b each of which performs communication using laser light, 

[0053] The optical wireless communication devices 10a and 10b are optical wireless 
interconnecting devices such as optical wireless hubs, that interconnect the 
communication between the client computer 30a or 30b and the server computer 20 
or the client computer 30c or 30d. The client computers 30a and 30b communicate 
with the server computer 20 via the optical wireless communication devices 1 Oa and 
1 Ob, thus using the service provided by the server computer 20. The client computers 
30a and 30b communicate with the client computers 30c and 30d via the optical 
wireless communication devices 10a and 10b. 

[0054] The optical wireless communication device 10a measures a distance d to the 

optical wireless communication device 1 Ob that is an object to be irradiated with laser 
light emitted from the optical wireless communication device 1 Oa, and then adjusts or 
sets the divergence and/or output power of the laser light cast onto the optical 
wireless communication device lOb based on the measured distance d. The optical 
wireless communication device 1 Oa then transmits data to the optical wireless 
communication device 10b by using the laser light having the adjusted divergence 
and/or output power, 

[0055] The optical wireless communication device 10b also measures the distance d to 
the optical wireless communication device 10a that is an object to be irradiated with 
laser light emitted from the device 1 Ob, and then adjusts or sets the divergence 
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and/or output power of the laser light cast onto the optical wireless communication 
device 1 Oa. The optical wireless communication device 10b then transmits data to the 
optical wireless communication device 1 Oa by using the laser light having the adjusted 
divergence and /or output power. 

[0056] It is preferable that each of the optical wireless communication devices 10a and 
10b periodically perform the measurement of the distance d and the setting for the 
laser light based on the measured distance d at predetermined time intervals. Each of 
the optical wireless communication devices 10a and 10b may perform the 
measurement of the distance d and the setting for the laser light based on the 
measured distance d by a user's instruction, for example, by pressing a button down. 

[0057] It is also preferable that each of the optical wireless communication devices 1 Oa 
and 10b use infrared laser light for the communication. Alternatively, the optical 
wireless communication devices 1 Oa and 1 Ob can use visible light for the 
communication. Also, the optical wireless communication devices 10a and lOb may 
use laser light having a predetermined wavelength. 

[0058] According to the optical wireless communication devices 1 Oa and 1 Ob of the 

present embodiment, the distance from the device which emits the laser light to the 
device which is to be irradiated with the emitted laser light is first measured, and then 
the divergence and/or output power of the laser light can be adjusted based on the 
measured distance. Thus, each of the optical wireless communication devices lOa and 
1 Ob that is arranged with an arbitrary interval or distance of separation can adjust the 
divergence and/or output power of the laser light emitted there from so as to adjust a 
beam area of the laser light on the other one of the optical wireless communication 
devices 10a and 10b. Therefore, according to the optical wireless communication 
devices 10a and 10b of the present embodiment, communication error between the 
optical wireless communication devices 1 Oa and 10b can be reduced or eliminated, so 
that the optical wireless communication can take place between the optical wireless 
communication devices 10a and 10b with high accuracy and reliability. 

[0059] pjg 2 illustrates a structure of the optical wireless communication device 1 Oa of 
the present embodiment. The optical wireless communication devices 10a and 10b 
have the same structure and therefore only the structure and operation of the optical 
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wireless communication device 10a are described as a typical example. 



[0060] The optical wireless communication device 10a includes a primary light-receiving 
unit 102 that receives laser light emitted from the optical wireless communication 
device 10b, a primary light-emitting unit 106 that emits laser light toward the optical 
wireless communication device 1 Ob, an I/O unit 1 01 that transmits data to and/or 
receives data from an external device such as the client computer 30a, 30b or the like, 
a memory unit 1 04 that stores setting information for the laser light, a processing 
unit 1 08 that adjusts the divergence and/or output power of the laser light, a 
secondary light-emitting unit 1 14 that generates laser light approximately parallel to 
the laser light emitted by the primary light-emitting unit 106, a measurement unit 
1 1 2 that measures the distance to the optical wireless communication device 1 Ob 
III which is to be irradiated with the laser light from the optical wireless communication 

device lOa, and a light-emission control unit 1 10 that controls the emission of the 
laser light of each of the primary and secondary light-emitting units 1 06 and 1 1 4. 



fU 



[0061] The primary light-receiving unit 102 converts the laser light received from the 
M optical wireless communication device 1 Ob into an electric signal and supplies it to 

the I/O unit 1 01 . The I/O unit 1 01 sends the electric signal received from the primary 
light-receiving unit 1 02 to the client computers 30a and 30b. Moreover, the I/O unit 
101 receives an electric signal from the client computer 30a or 30b and supplies it to 
the primary light-emitting unit 106. The primary light-emitting unit 106 then 
converts the received electric signal into laser light to send it to the optical wireless 
communication device 10b. 

[0062] The measurement unit 1 1 2 measures the distance between the optical wireless 

communication devices 10a and 10b by irradiating the optical wireless communication 
device 10b with the laser light emitted from the secondary light-emitting unit 1 14. 
The processing unit 108 adjusts the divergence and/or output power of the laser light 
emitted from the primary light-emitting unit 106 based on the distance measured by 
the measurement unit 1 1 2 and the setting information for the laser light that is stored 
in the memory unit 104. The primary light-emitting unit 106 then emits the laser light 
based on the divergence and/or output power thus adjusted by the processing unit 
108. 
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[0063] The light-emission control unit 1 1 0 prohibits the light emission by the primary 
light-emitting unit 106 in a case where the secondary light-emitting unit 1 14 emits 
the laser light. The light-emission control unit 1 1 0 may prohibit the light emission by 
the secondary light-emitting unit 114 in a case where the primary light-emitting unit 
1 06 emits the laser light. Moreover, the light-emission control unit 1 1 0 may limit the 
output power of the laser light emitted from the primary light-emitting unit 106 in the 
case where the secondary light-emitting unit 1 1 4 emits the laser light. Also, the light- 
emission control unit 1 1 0 may limit the output power of the laser light emitted from 
the secondary light-emitting unit 1 14 in the case where the primary light-emitting 
unit 106 emits the laser light. 

[0064] It is preferable that the laser light emitted from the secondary light-emitting unit 
114 have an output power higher than that of the laser light emitted from the primary 
light-emitting unit 1 06, since the laser light emitted from the secondary light- 
emitting unit 1 14 is used for the measurement of the distance between the optical 
wireless communication devices 10a and 10b. It is also preferable that the switching 
rate of the laser light of the primary light-emitting unit 1 06 be higher than that of the 
secondary light-emitting unit 114, since the laser light emitted from the primary 
light-emitting unit 106 is used for optical communication with the optical wireless 
communication device 10b. Moreover, it is preferable that the primary light-emitting 
unit 106 be more durable, i.e., have a longer operational life based on its 
manufacturing specifications and consequently more expensive, than the secondary 
light-emitting unit 114 since a period during which the primary light-emitting unit 
1 06 emits the laser light is longer than that of the secondary light-emitting unit 1 1 4. 

[0065] According to the optical wireless communication device 1 Oa of the present 

embodiment, the light-emission control unit 110 controls the light emission by the 
primary and secondary light-emitting units 1 06 and 1 1 4. Thus, it is possible to 
prevent laser light being cast onto a person who works near the optical wireless 
communication device 1 Oa or 1 Ob, thereby reducing the risk of injury to a person by 
inadvertent exposure to the laser light. 

[0066] 

Fig. 3 shows a data format of a laser-light setting file stored in the memory unit 
104. The laser-light setting file includes a range field, a beam-divergence field, and 
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an output power field. The range field stores one or more predetermined ranges or 
distances between tlie optical wireless communication devices 10a and 10b, The 
beam-divergence field stores one or more divergence data, each of which indicates 
the divergence of the laser light so as to correspond to the one or more distances, 
respectively, stored in the range field. The output-power field stores one or more 
output-power data of the laser light to correspond to the aforementioned one or more 
distances, respectively. 

[0067] The processing unit 1 08 refers to the laser-light setting file and sets or adjusts 
the laser light to be emitted by the primary light-emitting unit 1 06 based on the 
divergence and/or output power that are stored in the laser-light setting file to 
correspond to the distance measured by the measurement unit 1 1 2. The setting 
H3 information stored in the laser-light setting file may be stored by the user or set when 

the optical wireless communication device is shipped from the manufacturer. The user 
sets the setting information stored in the laser-light setting file, for example. In a 
O case where the manufacturer sends the user the setting information through the 

Internet or by using a recording medium and asks the user to store the setting 
information in accordance with the information thus sent, or in a case where the user 
wants to slightly change the setting information that was stored at the time when the 
optical wireless communication device was shipped from the manufacturer. 

[0068] According to the optical wireless communication device 10a of the present 

embodiment, information regarding the divergence and/or output power of the laser 
light that is appropriate for the distance of separation between the optical wireless 
communication devices 1 Oa and 1 Ob is stored in advance in the memory unit 1 04. 
Thus, when the optical wireless communication devices 10a and 10b are arranged so 
as to be separated from each other by a predetermined distance, the divergence 
and/or output power of the laser light can be appropriately set or adjusted to adjust 
transmission range in accordance with the predetermined distance. Therefore, 
according to the present embodiment, optical wireless communication can be 
performed between the optical wireless communication devices 10a and 10b with 
accuracy and reliability. 



[0069] 



Figs. 4A and 4B show exemplary measuring methods that are performed by the 
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measurement unit 112. As shown in Fig. 4A, the optical wireless communication 
device 1 Oa further includes a detecting unit 1 1 6 that detects an irradiated position on 
the optical wireless communication device 10b, which Is irradiated with the laser light 
from the secondary light-emitting unit 1 1 4 of the device 1 Oa. The detecting unit 1 1 6 
detects the irradiated position on the optical wireless communication device 10b, 
which is irradiated with the laser light from the secondary light-emitting unit 1 14 of 
the optical wireless communication device 10a, from a position different from the 
position at which the secondary light-emitting unit 1 1 4 of the device 1 Oa emits the 
laser light. The measurement unit 1 1 2 measures the distance between the optical 
wireless communication devices 10a and 10b based on the irradiation position 
13 detected by the detecting unit 1 1 6. Thus, the measurement unit 1 1 2 measures the 

JS distance between the optical wireless communication devices 10a and 10b by the 

W triangulation method. 

K [0070] In an alternative example, the optical wireless communication device 10a may 
^fl further include a secondary light-receiving unit 1 1 8 that receives the laser light which 

was emitted from the secondary light-emitting unit 1 14 of the device 1 Oa and then 
reflected from the optical wireless communication device 10b, as shown in Fig. 4B. In 
py this example, the measurement unit 1 1 2 measures the distance between the optical 

r! wireless communication devices 1 Oa and 1 0b based on a time at which the secondary 

light-emitting unit 1 1 4 emitted the laser light and a time at which the secondary 
light-receiving unit 1 18 received the laser light. In other words, the measurement unit 
1 1 2 measures the distance between the optical wireless communication devices 1 Oa 
and 1 0b by using a velocity of the laser light emitted from the secondary light- 
emitting unit 1 14. 

[0071 ] According to the optical wireless communication device 1 Oa of the present 

embodiment, the distance between the optical wireless communication devices 10a 
and 10b can be measured with high accuracy by using the aforementioned 
techniques. Then, the divergence and/or output power of the laser light to be emitted 
can be appropriately adjusted based on the measured distance. Thus, optical 
communication can be performed between the optical wireless communication devices 
1 Oa and 1 Ob with high accuracy and, therefore, communication in the computer 
network 100 can also be performed with high accuracy and reliability. 
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[0072] (Embodiment 2)Fig. 5 shows a configuration of a computer network 300 of the 

second embodiment of the present invention. The computer network 300 is a LAN, for 
example, and includes optical wireless communication devices 210a and 21 Ob that 
perform optical communication, management apparatuses 220a and 220b that 
manage the optical transmission between the optical wireless communication devices 
21 Oa and 21 Ob, a server computer 240 that provides various types of service in the 
computer network 300, and client computers (PCs) 230a, 230b, 230c and 230d that 
use the service provided by the server computer 240 and perform communication in 
the computer network 300. 

[0073] The optical wireless communication devices 21 Oa and 21 Ob are optical wireless 
Interconnecting devices such as optical wireless hubs, which interconnect the 
communication between the client computer 230a or 230b and the server computer 
240 or the client computer 230c or 230d. The client computers 230a and 230b 
communicate with the server computer 240 via the optical wireless communication 
p devices 21 Oa and 21 Ob, thus using the service provided by the server computer 240. 

The client computers 230a and 230b communicate with the client computers 230c 
and 230d via the optical wireless communication devices 21 Oa and 21 Ob. 



liJ 



[0074] It is desirable that the optical wireless communication devices 21 Oa and 21 Ob use 
laser light for the optical communication. Preferably, the laser light used for the 
optical communication between the optical wireless communication devices 210a and 
21 Ob is infrared laser light or visible laser light. 

[0075] Each of the optical wireless communication devices 210a and 210b includes a unit 
for notifying a user of the quality of the received light, so that the user can determine 
or check whether or not the communication between the optical wireless 
communication devices 10a and 10b takes place normally. If the communication 
between the optical wireless communication devices 1 Oa and 1 Ob does not take place 
normally, the user can do necessary operations quickly such as, for example, adjust 
the divergence and/or output power of the light as described in further detail below. 

[0076] ji^g management apparatus 220a includes a processing unit that determines 
whether or not the communication between the optical wireless communication 
devices 21 Oa and 21 Ob is performed normally and then adjusts the divergence and/or 
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output power of the light sent from the optical wireless communication device 210a. 
Similarly, the management apparatus 220b includes a processing unit that determines 
whether or not the communication between the optical wireless communication 
devices 21 Oa and 21 Ob is performed normally and then adjusts the divergence and/or 
output power of the light sent from the optical wireless communication device 21 Ob. 
Thus, the communication between the optical wireless communication devices 21 Oa 
and 21 Ob can be l<ept normal by periodically setting or adjusting the divergence 
and/or output power of the light sent out from the optical wireless communication 
devices 210a and 21 Ob by means of the management apparatuses 220a and 220b. 

[0077] Fig. 6 shows structures of the optical wireless communication devices 210a and 
210b according to the present embodiment of the present invention. The optical 
wireless communication device 210a includes a light-receiving unit 314 that receives 
w light and converts the received light into an electric signal, an output unit 312 that 

outputs the electric signal converted by the light-receiving unit 31 4 to the outside of 
the optical wireless communication device 210a, an information unit 31 8 that issues a 
notification indicative of the quality of the light received by the light-receiving unit 
314, an input unit 306 that receives an electric signal from the outside, a selector 308 
that selects one of the electric signal received by the input unit 306 and the electric 
signal converted by the light-receiving unit 314 and then outputs the selected one, a 
light-emitting unit 310 that converts the selected electric signal output from the 
selector 308 into light to send it out, a mode select unit 302 that selects one of 
operation modes of the optical wireless communication device 210a, and a processing 
unit 304 that adjusts the divergence and/or output power of the light sent from the 
light-emitting unit 310. Moreover, the information unit 31 8 includes an indicator or 
signal unit 322 having a plurality of light-emitting elements 320a, 320b, and 320c. 
The optical wireless communication device 210a further includes a light-emission 
control unit 316 that controls the light emission, i.e., notification, of the indicator 
322. 

[0078] ji^g light-receiving unit 314 converts the light received from the optical wireless 
communication device 210b into the electric signal and outputs it out. The output unit 
312 then outputs the electric signal output from the light-receiving unit 31 4 to the 
outside, so that the electric signal is supplied to the client computers 230a and 230b 
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and the management apparatus 220a, 

[0079] The light-emission control unit 3 1 6 determines the quality of the light received by 
the light-receiving unit 314 based on the electric signal output from the light- 
receiving unit 314. The light-emission control unit 316 also controls the light 
emission by the indicator 322 of the information unit 318 based on the quality of the 
light received by the light-receiving unit 31 4 to visually inform or notify a user about 
the quality of the received light. For example, the light-emission control unit 316 
controls an on-off period of each of the light-emitting elements 320a, 320b, and 
320c of the indicator 322, i.e., the time at which each light-emitting element goes on 
and off, based on the quality of the light received by the light-receiving unit 314. The 
light-emission control unit 316 may control the output power of the light emitted by 
each of the light-emitting elements 320a, 320b, and 320c included in the indicator 
322 based on the quality of the light received by the light-receiving unit 314. 
Moreover, the light-emission control unit 316 controls which one or more of the 
light-emitting elements 320a, 320b and 320c are allowed to emit light based on the 
quality of the light received by the light-receiving unit 314. 

[0080] The light-receiving unit 314 may convert the received light into an analog signal 
or a digital signal. In a case of converting the light to the analog signal, the output 
unit 312 may output the signal output from the light-receiving unit 31 4 to the outside 
after converting it into the digital signal. Moreover, the light-emission control unit 
316 may determine the quality of the light received by the light-receiving unit 314 
based on the analog signal or the digital signal that is the electric signal output from 
the light-receiving unit 314. 

[0081] It is desirable that the optical wireless communication device 210a perform optical 
communication by using laser light. In this case, the light-emitting unit 310 converts 
the electric signal into the laser light and then sends it out. Moreover, the light- 
receiving unit 314 receives the laser light, then converts the received laser light into 
the electric signal, and outputs the electric signal obtained by the conversion. The 
information unit 318 then issues the notification indicative of the quality of the laser 
light received by the light-receiving unit 314. 

[0082] ji^^ optical wireless communication device 210a may perform the optical 
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communication by using infrared light. In this case, the light-emitting unit 310 
converts the electric signal into the infrared light and then sends it out. Moreover, the 
light-receiving unit 314 receives the infrared light and then converts the received 
infrared light into the electric signal, which is outputted. The information unit 318 
then issues the notification indicative of the quality of the infrared light received by 
the light-receiving unit 314. 

It is preferable that the light-emission control unit 31 6 determine the quality of 
the light received by the light-receiving unit 314 based on an averaged input power or 
maximum input power of the received light in a predetermined time period. It is also 
preferable that the light-emission control unit 31 6 control the light emission by the 
indicator 322 included in the information unit 318 based on the averaged or 
maximum input power of the light received by the light-receiving unit 314. 

A processing unit 342, an input unit 340, a selector 338, a light-emitting unit 
336, an output unit 334, a light-receiving unit 332, a light-emission control unit 330, 
an information unit 328, light-emitting elements 324a, 324b and 324c of an indicator 
326 of the optical wireless communication device 210b have the same functions and 
operate in the same manner as the processing unit 304, the input unit 306, the 
selector 308, the light-emitting unit 310, the output unit 312, the light-receiving unit 
314, the light-emission control unit 316, the information unit 318, the light-emitting 
elements 320a, 320b and 320c and the indicator 322 of the optical wireless 
communication device 210a, and therefore the description thereof is omitted. 

[0085] 

Next, the operation modes of the optical wireless communication devices 210a 
and 210b are described. Each of the optical wireless communication devices 210a and 
210b has two operation modes. More specifically, the optical wireless communication 
device 210a or 210b operates in a communication mode, in which normal optical 
communication takes place between the optical wireless communication devices 210a 
and 210b, and in a test mode, in which a test for the communication between the 
optical wireless communication devices 210a and 210b is conducted. The mode select 
unit 302 selects one of the operation modes of the optical wireless communication 
device 21 Oa based on an instruction from the management apparatus 220a or 220b 
or a user's instruction. Similarly, the mode select unit 344 selects one of the operation 



[0083] 



0% 



[0084] 
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modes of the optical wireless communication device 210b based on the instruction 
from the management apparatus 220a or 220b or the user's instruction. 



[0086] In a case where the optical wireless communication devices 21 Oa and 21 Ob are in 
the communication mode, in the optical wireless communication device 210a, the 
selector 308 selects the electric signal received by the input unit 306 and supplies it 
to the light-emitting unit 310. The light-emitting unit 310 converts the electric signal 
received from the selector 308 into light and sends the light out to the optical wireless 
communication device 210b. In the optical wireless communication device 210b, the 
light-receiving unit 332 converts the light received from the optical wireless 
communication device 21 Oa into an electric signal and outputs it. Then, the output 
unit 334 outputs the electric signal output from the light-receiving unit 332 to the 
outside of the device 210b. 



[0087] Similarly, in the optical wireless communication device 210b, the selector 338 
selects the electric signal received by the input unit 340 to supply it to the light- 
emitting unit 336. The light-emitting unit 336 then converts the electric signal 
received from the selector 338 into light to send it out to the optical wireless 
communication device 210a. The light-receiving unit 314 of the optical wireless 
communication device 210a then converts the light sent from the optical wireless 
W communication device 21 Ob into the electric signal, and then outputs it. The output 

unit 312 then outputs the electric signal output from the light-receiving unit 314 to 
the outside of the device 21 Oa. 

[0088] 

In a case where the optical wireless communication devices 21 Oa and 21 Ob are in 
the test mode for testing and adjusting the light sent from the optical wireless 
communication device 210a, the input unit 306 of the optical wireless communication 
device 21 Oa receives an electric signal from the management apparatus 220a. The 
selector 308 then selects the electric signal received by the input unit 306 and 
supplies it to the light-emitting unit 310. The light-emitting unit 310 converts the 
electric signal received from the selector 308 into light and sends the light to the 
optical wireless communication device 210b. In the optical wireless communication 
device 21 Ob. the light-receiving unit 332 converts the light sent from the optical 
wireless communication device 21 Oa into an electric signal and then outputs it. The 
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selector 338 selects the electric signal converted by the light-receiving unit 332 and 
supplies it to the light-emitting unit 336, The light-emitting unit 336 then converts 
the electric signal received from the selector 338 into light and sends it out to the 
optical wireless communication device 210a, In the optical wireless communication 
device 210a, the light-receiving unit 314 converts the light received from the optical 
wireless communication device 21 Ob into an electric signal and outputs it. The output 
unit 312 then outputs the electric signal from the light-receiving unit 314 to the 
management apparatus 220a, 

[0089] Moreover, in a case where setting information for the light to be sent from the 
light-emitting unit 310 is transmitted from the management apparatus 220a, the 
input unit 306 receives the transmitted setting information. The processing unit 304 
then adjusts the divergence and/or output power of the light to be sent from the 
light-emitting unit 310 based on the setting information received by the input unit 
306. 



[0090] In a case where the optical wireless communication devices 2 1 Oa and 2 1 Ob are in 
the test mode for testing and adjusting the light sent from the optical wireless 
communication device 210b, the optical wireless communication device 210b receives 
fy an electric signal from the management apparatus 220b at the input unit 340. The 

JTT selector 338 then selects the electric signal received by the input unit 340 and 

supplies it to the light-emitting unit 336, The light-emitting unit 336 converts the 
received electric signal into light and sends it to the optical wireless communication 
device 21 Oa. In the optical wireless communication device 21 Oa, the light-receiving 
unit 314 converts the light received from the optical wireless communication device 
210b into an electric signal, which it outputs. The selector 308 then selects the 
electric signal converted by the light-receiving unit 314 and supplies it to the light- 
emitting unit 310. The light-emitting unit 310 then converts the electric signal 
received from the selector 308 into light and sends it to the optical wireless 
communication device 210b. In the optical wireless communication device 210b, the 
light-receiving unit 332 converts the light sent from the optical wireless 
communication device 210a into an electric signal and outputs it. The output unit 334 
then outputs the electric signal output from the light-receiving unit 332 to the 
management apparatus 220b. 
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[0091] When setting infornnation for the light to be sent from the light-emitting unit 336 
was transmitted from the management apparatus 220b, the input unit 340 receives 
the transmitted setting information. The processing unit 342 then adjusts the 
divergence and/or output power of the light to be sent from the light-emitting unit 
336 based on the setting information received by the input unit 340. 

[0092] According to the optical wireless communication devices 210a and 210b, a user is 
notified of the quality of the light received by each of the light-receiving unit 314 and 
332 by the light emission of the associated one of the indicators 322 and 326. Thus, 
the user can easily find out or check whether or not the communication between the 
optical wireless communication devices 210a and 210b is being performed normally. 
Moreover, since the optical wireless communication devices 210a and 210b have the 
aforementioned test mode as one of the operation modes thereof, the communication 
between the optical wireless communication devices 210a and 210b can be tested 
precisely by the management apparatuses 220a and 220b. 

[0093] . Fig, 7 is a structure of the management apparatus 220a of the present 

embodiment. The management apparatuses 220a and 220b have the same structure 
and therefore only the structure and operation of the management apparatus 220a are 
described as a typical example. 

[0094] The management apparatus 220a includes an electric signal generate unit 404 

that generates an electric signal, a transmit unit 402 that transmits the electric signal 
to the optical wireless communication device 210a, a receive unit 408 that receives an 
electric signal from the optical wireless communication device 210a, a compare unit 
41 0 that compares the electric signal transmitted from the transmit unit 402 with the 
electric signal received by the receive unit 408, a diagnostic unit 41 2 that determines 
whether or not the communication between the optical wireless communication 
devices 210a and 210b is being performed normally, and a processing unit 406 that 
adjusts the divergence and/or output power of the light sent out from the optical 
wireless communication device 210a. 

[0095] ji^^ electric signal generate unit 404 generates the electric signal used for 
determining whether or not the communication between the optical wireless 
communication devices 210a and 210b is being performed normally. The transmit 
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unit 402 transmits the electric signal generated by the electric signal generate unit 
404 to the optical wireless communication device 21 Oa. 

[0096] The optical wireless communication device 21 Oa converts the electric signal 
transmitted from the transmit unit 402 into light and sends the light back to the 
optical wireless communication device 210b. The optical wireless communication 
device 210b converts the light received from the optical wireless communication 
device 21 Oa into the electric signal, and then converts the electric signal again into 
light so as to send the light to the optical wireless communication device 21 Oa. The 
optical wireless communication device 210a converts the light received from the 
optical wireless communication device 210b into the electric signal, and then outputs 
the electric signal obtained by conversion to the management apparatus 220a. 

[0097] The receive unit 408 of the management apparatus 220a receives the electric 
signal output from the optical wireless communication device 21 Oa. Then, the 
compare unit 41 0 compares the electric signal transmitted from the transmit unit 402 
with the electric signal received by the receive unit 408. It is preferable that the 
compare unit 41 0 compare the electric signals bit-by-bit. 

[0098] The diagnostic unit 41 2 determines, based on the result of the comparison by the 
compare unit 410, whether or not the communication between the optical wireless 
communication devices 210a and 210b is being performed normally. In a case where 
the electric signal transmitted from the transmit unit 402 is different from the electric 
signal received by the receive unit 408, for example, the diagnostic unit 41 2 does not 
determine that the communication between the optical wireless communication 
devices 21 Oa and 21 Ob is being performed normally, i.e., the diagnostic unit 412 
determines that the communication is not being performed normally. 

[0099] When the diagnostic unit 41 2 determines that the communication between the 

optical wireless communication devices 210a and 210b is not performed normally, the 
processing unit 406 outputs the setting information used for setting or adjusting the 
divergence and/or output power of the light sent from the light-emitting unit 31 0 of 
the optical wireless communication device 210a. Then, the transmit unit 402 of the 
management apparatus 220a transmits the setting information output from the 
processing unit 406 to the optical wireless communication device 2 1 Oa. 
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[01 00] Moreover, in the above operation, the processing unit 405 may output the setting 
information by, for example, considering a value of the electric signal transmitted by 
the transmit unit 402 and a value of the electric signal received by the receive unit 
408 and the relationship of light emission/non-emission in a region corresponding to 
a part of the electric signal where the communication error occurs. 

[0101] For example, in a case where the communication error has been detected for a 

part of the electric signal that causes the optical wireless communication device 210a 
to emit the light, which was transmitted from the management apparatus 220a, the 
processing unit 406 may increase the strength of the light by improving the 
divergence and /or increasing the output power of the light sent out from the light- 
emitting unit 310 of the optical wireless communication device 210a. In another case, 
where the electric signal that causes the optical wireless communication device 210a 
to emit the light, which was transmitted from the management apparatus 220a, has 
not been received normally at all, the processing unit 406 may widen a light- 
receivable area where the light can be received by reducing the divergence of the light 
sent out from the light-emitting unit 310 of the optical wireless communication 
device 210a. In still another case, where a part of the electric signal that does not 
cause the light emission by the optical wireless communication device 210a, which 
was transmitted by the management apparatus 220a, has not been received normally, 
the processing unit 406 may reduce the strength of the light by reducing the 
divergence and /or output power of the light sent out from the light-emitting unit 310 
of the optical wireless communication device 210a. 

[01 02] According to the management apparatus 220a of the present embodiment, the 
communication between the optical wireless communication devices 210a and 210b 
takes place normally with high accuracy and reliability. Moreover, when the 
communication between the optical wireless communication devices 210a and 210b 
does not take place normally, the communication between the devices 210a and 210b 
can be made normal by adjusting the divergence and/or output power of the light 
sent from the optical wireless communication device 21 Oa. 

[0103] 

Fig. 8 shows a sequence of the communication between the optical wireless 
communication devices 210a and 210b according to the present embodiment. First, in 
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the management apparatus 220a, the electric signal generate unit 404 generates the 
electric signal used for determining whether or not the communication between the 
optical wireless communication devices 210a and 210b is being performed normally 
(Step SI 00). The transmit unit 402 then transmits the electric signal generated by the 
electric signal generate unit 404 to the optical wireless communication device 210a 
(Step SI 02). 

[0104] Then, in the optical wireless communication device 210a, the input unit 306 

receives the electric signal output from the management apparatus 220a (Step SI 04). 
The light-emitting unit 310 then converts the electric signal received by the input unit 
306 into light and sends the light to the optical wireless communication device 21 Ob 
(Step SI 06). 

[0105] Next, in the optical wireless communication device 210b, the light-receiving unit 
332 converts the light received from the optical wireless communication device 210a 
into an electric signal (Step SI 08). The optical wireless communication device 210b 
then determines whether the operation mode is the communication mode or the test 
mode (Step SI 1 0). In a case where the operation mode is determined to be the 
communication mode in Step S1 10, the output unit 334 outputs the electric signal 
converted by the light-receiving unit 332 to the outside of the optical wireless 
communication device 210b (Step S1 12), thereby the communication sequence is 
finished. On the other hand, in a case where the operation mode is determined to be 
the test mode, the light-emitting unit 336 converts again the electric signal converted 
by the light-receiving unit 332 into light and sends the light to the optical wireless 
communication device 210a (Step SI 14). 

[0106] Then, in the optical wireless communication device 210a, the light-receiving unit 
314 converts the light received from the optical wireless communication device 21 Ob 
into an electric signal (Step S1 1 6). The output unit 312 outputs the electric signal 
output from the light-receiving unit 314 to the management apparatus 220a (Step 
SI 1 8). 

[0107] Next, in the management apparatus 220a, the receive unit 408 receives the 
electric signal output from the optical wireless communication device 21 Oa (Step 
SI 20), The compare unit 410 then compares the electric signal transmitted from the 
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transmit unit 402 with the electric signal received by the receive unit 408 (Step SI 22), 
The diagnostic unit 412 then determines, based on the result of the comparison by 
the compare unit 410, whether or not the communication between the optical wireless 
communication devices 210a and 21 Ob takes place normally (Step SI 24). In a case 
where it is determined that the communication takes place normally In Step SI 24, the 
communication sequence is finished. Moreover, in a case where it is not determined 
that the communication takes place normally in Step SI 24, the transmit unit 402 
transmits, to the optical wireless communication device 210a, the setting information 
used for adjusting the divergence and/or output power of the light sent from the 
light-emitting unit 310 of the optical wireless communication device 210a (Step 
SI 26). 

[01 08] Then, in the optical wireless communication device 21 Oa, the input unit 306 

receives the setting information output from the management apparatus 220a (Step 
SI 28). The processing unit 304 then adjusts the divergence and/or output power of 
the light to be sent from the light-emitting unit 310 based on the setting information 
received by the input unit 306 (Step SI 30), thereby finishing the communication 
sequence, 

[01 09] It is preferable that the management apparatus 220a and the optical wireless 

communication devices 210a and 210b repeat the communication sequence described 
above so as to appropriately adjust the divergence and/or output power of the light to 
be sent from the light-emitting unit 31 0 of the optical wireless communication device 
210a. 

[01 1 0] Moreover, the management apparatus 220a may appropriately adjust the 

divergence and/or output power of the light sent out from the light-emitting unit 310 
of the optical wireless communication device 210a by repeating the above 
communication sequence while changing or varying the settings of the divergence 
and/or output power of the light described in the setting information output by the 
processing unit 406 until optimal communication status has been achieved. 

[0111] Moreover, although the test and adjustment for the light-emitting unit 310 of the 
optical wireless communication device 21 Oa by the management apparatus 220a is 
shown in Fig. 8, the test and adjustment for the light-emitting unit 336 of the optical 
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wireless communication device 210b by the management apparatus 220b can also be 
performed in the same manner as the optical wireless communication device 210a 
described above. 



m 



[01 1 2] Fig. 9 shows an exemplary hardware configuration of the management apparatus 
220a of the present embodiment. The management apparatus 220a includes a CPU 
900, a ROM 902, a RAM 904, a communication interface 906, a hard disk drive 908, a 
database interface 91 0, a floppy disk drive 91 2 and a CD-ROM drive 91 4. The CPU 
900 operates based on at least one program stored in the ROM 902 and RAM 904, 
The communication interface 905 communicates with the optical wireless 
communication device 21 Oa or 21 Ob, the management apparatus 220b, the client 
computer 230a, 230b, 230c or 230d, or the server computer 240 through the 
computer network. The database interface 910 writes data into a database and 
updates the contents of the database. The hard disk drive 908 stores setting 
information and a program for the operation of the CPU 900. 

[01 1 3] The floppy disk drive 91 2 reads data or a program from a floppy disk 920 to 

provide the read data or program to the CPU 900. The CD-ROM drive 914 reads data 
or a program from a CD-ROM 922 to provide the read data or program to the CPU 
900. The communication interface 906 can be connected to the optical wireless 
communication device 210a. or 210b, the management apparatus 220b, the client 
computer 230a, 230b, 230c or 230d, or the server computer 240 to perform data 
transmission and data receiving. The database interface 910 can be connected to 
various databases 924 so as to perform data transmission and data receiving, 

[01 1 4] Software executed by the CPU 900 is provided to the user while being stored in a 
recording medium such as the floppy disk 920 or the CD-ROM 922, The software 
stored in the recording medium may be compressed or not-compressed. The software 
is installed from the recording medium into the hard disk drive 908, and is then read 
into the RAM 904 so that the CPU 900 executes the software. 

[01 1 5] ji^g software provided while being stored in the recording medium, that is the 

software to be installed into the hard disk drive 908, functionally includes an electric 
signal generate module, a transmit module, a receive module, a compare module, and 
a diagnostic module. Operations that are to be executed by the CPU 900 in 
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accordance with instructions of the respective modules to the computer are the same 
as the functions and operations of the corresponding components in the management 
apparatus 220a described referring to Figs, 5-8, respectively, and therefore the 
description thereof is omitted. 

[01 1 6] A part or all of the functions and operations of the management apparatus 220a 
according to all the embodiments described in the present application can be stored 
in the floppy disk 920 or the CD-ROM 922 shown in Fig, 9 as an example of the 
recording medium. 

[01 1 7] These programs may be read directly into the RAM from the recording medium, or 
read into the RAM after being installed into the hard disl< drive from the recording 
medium. Moreover, the above-mentioned programs may be stored in a single 
recording medium or a plurality of recording media. Furthermore, the programs may 
be stored while being encoded. 

[01 1 8] As the recording medium, other than the floppy disk and the CD-ROM, an optical 
recording medium such as a DVD or a PD, a magneto-optical recording medium such 
as an MD, a tape-like medium, a magnetic recording medium, or a semiconductor 
memory such as an IC card or a miniature card can be used. Moreover, a storage 
device such as a hard disk or a RAM provided in a server system connected to an 
exclusive communication network or the Internet may be used as the recording 
medium, so that the program can be provided to the management apparatus 220a 
through the communication network or the Internet. Such a recording medium is used 
only for manufacturing the management apparatus 220a and it is therefore apparent 
that manufacturing or selling such a recording medium as business can constitute 
infringement of the right based on the present application. 

[01 19] As described above, according to the present invention, an optical wireless 
communication device that can measure a distance to an object, which is to be 
irradiated with laser light from the optical wireless communication device, and can 
adjust the divergence and/or output power of the laser light based on the measured 
distance, can be provided. Moreover, according to the present invention, an optical 
wireless communication device which allows the user to easily find out or check the 
communication status of the optical wireless communication device can be provided. 
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[01 20] Although the present invention has been described by way of exemplary 

embodinnents, it should be understood that those skilled in the art might make many 
changes and substitutions without departing from the spirit and the scope of the 
present invention which is defined only by the appended claims. 
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